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Abstract. We study a mixed initial-boundary value problem for the Navier— 
Stokes equations, where the Dirichlet, Neumann and slip boundary conditions 
are prescribed on the faces of a three-dimensional polyhedral domain. We prove 
the existence, uniqueness and smoothness of the solution on a time interval 
(0, T*), where < T* < T. 



1. Introduction 

1.1. Preliminaries. We consider a mixed initial-boundary value problem for the 
Navier-Stokes equations in a three-dimensional domain 51 C K 3 of polyhedral type 
with a boundary <9f2. The domain f2 represents e.g. a channel filled up by a moving 
fluid. <9fi consists of nonintersecting pieces T D , T G and T N , dfl = T D U T G U T N . 
Tjj = Ujeji represents solid walls, Tq = Ujej 2 ^3 denotes uncovered fluid 
surfaces and Tjv = Ujej" 3 denotes the artificial part of the boundary such as 
the exit (or a free surface), J\ U J2 U Jz = {1, . . . , n} and I\ fl Tj = iff i ^ j, 

i,j e {l,...,n}. 

We study the existence and uniqueness of the solution u to the Navier-Stokes 
flows on (0,T), T > 0, in 57 under the following boundary conditions: 

(1) m = onri3x(0,T), 

(2) un = 0, [V«i + (Vm) t ]tit = onr G x(0,T), 

(3) -Vn + v[\7u+ (Vu) T ]n = on T N x (0, T). 

In [THS] m = 1*2,^3) and V denote the unknown velocity and pressure, re- 
spectively. Further, v denotes the viscosity of the fluid, n = (ni,n 2 ,n 3 ) and 
t = (ti,T2,t 3 ) are unit normal and tangent vectors, respectively, to dfl. 

1.2. The domain. It is well known that the regularity results for solutions of 
elliptic problems in domains with edges or with the mixed boundary conditions are 
closely related to the properties of the boundary of the domain. Hence we specify 
several attributes of the domain J7, which will be used later. We assume that 
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(i) r<j (the faces of f2), i = l,...,n, are open two-dimensional manifolds of 
class C°°; 

(ii) the boundary dil consists of smooth faces I\ (defined above) and smooth 
(of class C°°) nonintersecting curves Mk (the edges), k = 1, . . . , m, vertices 
on dtt are excluded; 

(iii) for every A G Mk, k — 1, ...,m, there exists a neighborhood Ua and a 
diffeomorphic mapping ka which maps Q (~l Ua onto X>a PI -Ba , where T>a is 
a dihedron of the form 

{[x 1 ,x 2 ,x 3 ] G M 3 ; < r < oo, < < u A /2, x 3 G K.} , 

u;^ > denotes the angle at the edge Mk, A G Af^, and Ba is the unit 
ball (r,tp denote the polar coordinates in the (x±, X2)-planc); 

(iv) r,j G Tjj, i.e. i G Ji, forms at least one of the adjoining faces of every edge 
M k , k = l,...,m; 

( for every A G Mk, Mk C Tjj H Td, we have um < 7T, 

(v) < for every A G A4fe, Af/c C Fd n Fq, we have uja < (3/4)7r, 
[ for every A G Atfc, Af fc cr D n T^, we have < (l/4)7r. 

1.3. Basic notation and some function spaces. Vector functions and opera- 
tors acting on vector functions are denoted by boldface letters. Unless specified 
otherwise, we use Einstein's summation convention for indices running from 1 to 3. 

For an arbitrary r G [1, +oo], L r (fl) denotes the usual Lebesgue space equipped 
with the norm || • Hi^n), and W k ' p (fl), k > (k need not to be an integer, see [12]). 
1 < p < oo, denotes the usual Sobolev space with the norm || • ||wfc,?(n)- 

Let 

E := jit G C°°(Ti) 3 ; divit = 0, suppttnTzj = 0, supptt • n n T G = 0} 

and V k,p be a closure of E in the norm of W k ' p (il) 3 , k > (k need not be an 
integer) and 1 < p < oo. Then V k,p is a Banach space with the norm of the space 
W k ' p (il) 3 . For simplicity, we denote V 1,2 and V ' 2 , respectively, as V and H. Note, 
that V and H, respectively, are Hilbert spaces with scalar products 

(4) ((«,*)) =2 I e l3 {u)e l3 (y)dn 

Jn 

and 

(u, v) = UiVi df2 

and they are closed subspaces of spaces W 1,2 (U,) 3 and L 2 (fl) 3 , respectively. In [4] 
eij(u) denotes the matrix with the components 

1 / dm duj \ 
e - {u)= 2{dx- + dx-)- 

Further, define the space 

(5) V := {it | / G H, ((u, v)) = (/, v) for all v G V} 
equipped with the norm 

H\v-= II/IIh, 

where it and / are corresponding functions via [5] 
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Let it, v,w £ W 1,2 (f2) 3 . We will use the notation 

b(u,v,w) — / (u ■ V)v ■ w dSl. 
Jn 

Throughout the paper, we will always use positive constants c, c\, C2, . . ., which 
are not specified and which may differ from line to line. 

2. Formulation of the problem 

Let T G (0, oo), Q = SI x (0,T). The classical formulation of our problem is as 
follows: 



(0) 


u t - vb,u + (u ■ V)u + VP 


= / 


in 


Q, 




(7) 


div u 


= 


in 


Q, 




(8) 


u 


= 


on 


r D 


x (0,T), 


(9) 


un = 0, [Vu+(Vu) T ]n-T 


= 


on 


r G 


x (0,T), 


(10) 


-Vn + v[Vu + (Vu) T ]n 


= 


on 


r N 


x (0,T), 


(11) 


u(0) 


= u 


in 


n. 





Here / is a body force and u describes an initial velocity. We assume that functions 
it, V, f and Mo are smooth enough and the compatibility conditions u = on 
and Uo • n = on Tq hold. For simplicity we suppose that v = 1 throughout the 
paper. 

We can formulate our problem: 

Suppose that / G L 2 (0,T; H) and u G X0. Find w G L 2 (0, T; P)nL°°(0,T; 1/), 
u t G £ 2 (0,T; H) such that 

(12) (tit, v) + ((u, «)) + b(u, u, v) = {f, v) 
for every v G V and for almost every t G (0, T) and 

(13) u(0) = u . 

The main difficulties of problem [T2l - [T^1 consist in the fact that, because of the ar- 
tificial boundary condition 1101 we cannot prove that 6(u,u,u) = 0. Consequently, 
we are not able to show that the kinetic energy of the fluid is controlled by the data 
of the problem and the solutions of [12l - [T3l need not satisfy the energy inequality. 
This is due to the fact that some uncontrolled "backward flow" can take place at 
the open parts T m of the domain Q and one is not able to prove global (in time) 
existence results. In [5]-[Z], Kracmar and Neustupa prescribed an additional con- 
dition on the output (which bounds the kinetic energy of the backward flow) and 
formulated steady and evolutionary Navier-Stokes problems by means of appro- 
priate variational inequalities. In |llj . Kucera and Skalak prove the local-in-time 
existence and uniqueness of a "weak" solution of the non-steady Navier-Stokes 
problem with boundary condition [10] on the part of the boundary dQ, such that 

(14) u t G L 2 {0, T*; V), u tt G L 2 (0, T*\ V*), < T* < T, 



The requirement uq £ T> represents an implicit compatibility condition imposed on the initial 
data. 
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under some smoothness restrictions on uo and V . In [10j . Kucera supposed that 
the problem is solvable in suitable function class with some given data (the initial 
velocity and the right hand side). The author proved that there exists a unique 
solution for data which are small perturbations of the previous ones. 

In [3] , Benes and Kucera proved local existence of solutions to the Navier-Stokes 
system with the so called "do nothing" boundary condition 

OIL 

-Vn+ — = onT N x(Q,T) 
on 

for sufficiently smooth data in a stronger (spatially) sense than Q3] without higher 
regularity with respect to time. However, the authors excluded the boundary con- 
dition [9] and proved the local existence solution solely in two dimensions. 

In the present paper, we shall prove local existence and uniqueness solution to 
I61TTT1 such that i.a. u G L 2 (0,T*; V), V ^ W 2 ' 2 {Vtf , which is strong in the 
sense that the solutions possess second spatial derivatives. The key embedding 
T> W 2 ' 2 (£l) 3 is a consequence of assumptions setting on the domain and the 
regularity theory for the steady Stokes system in non-smooth domains, see |191 
Corollary 4.2] and [HI [16]. 

In next Section [3] we present some auxiliary results needed in the proof of the 
main result stated and proved in Section 0J 

3. Auxiliary results 

Theorem 3.1 (Linearized problem). Let f G L 2 (Q,T; H). Then there exists 
unique function u G L 2 (0, T; V) n L°°(G, T; V), u t e L 2 (0, T; H), such that 

(15) (u t ,v) + ((u,v)) = (f,v) 
holds for every v G V and for almost every t € (0,T) and 

(16) u(0) = 0. 
Moreover 

(17) 1 1 Ut\\ L 2 (0)T . H) + ||m|| L 2 (0 T . d) + ||u|| L oo (0 T . v) < c||/|| L 2 (0 T . H) , 
where c — c(0). 

Proof. The proof is essentially the same as the proof of Theorem 2.1 in [3] ■ □ 

The following result was established by Aubin (see [5]). 

Theorem 3.2 (Aubin). Let Bo, B, B\ be three Banach spaces where Bo, B\ are 
reflexive. Suppose that Bo is continuously imbedded into B, which is also continu- 
ously imbedded into B\, and imbedding from Bo into B is compact. For any given 
Po, Pi with 1 < po,pi < oo, let 

W := {v | v g £ po (0, T; Bo), v t G LP 1 (0, T; Br)} . 

Then the imbedding from W into L Po (0,T; B) is compact. 

Let us introduce the following reflexive Banach spaces 

X T := {0| 0eL 4 (O,T; W n / 8 ' 2 (fl) 3 ) H L s (0, T; W 1 ' 2 ^ 11 ^) 3 )} 

and 

Y T := {i> \ i> e L 2 (0,T; V), G L 2 (0,T; H)} , 
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respectively, with norms 

II0H-XV := ll < /'llL 4 (0,T;H' 11 /8, 2(0)3) + 11^1^8(0^.^1,24/11(^)3) 

and 

II^IIyt := lklU 2 (0,T;-D) + W\\l*(Q,T;H)- 

Let us present some properties of Xt and Yt- First note that [15l HB] , [19l 
Corollary 4.4] and the requirements imposed on the domain Q (see Subsection II .2[) 
yield 

(18) V^W 2 ' 2 {0) 3 , 
which implies [13 

(19) Y T ^ L°°(0,T;W h2 (n) 3 ). 

Let <fi (zYt- Raising and integrating the interpolation inequality 

\\4>{t) 11^3/2,2(^)3 < C||0(t)||^, 2(n)3 ||0(t)||^2, 2(n) 3 

from to T we get 

\m)\\wV2, H nT A ^j < c^jf ||^(*)||^. a( n)»ll^(*)ll^i. a( n)3d^ 

- C H^ , IIl' 2 (0,T;W 2 . 2 (O) 3 )II^ > IIl'°°(0,T;W'1' 2 (O) 3 ) 

(20) < c\\4>\\ Yt , 
where c = c(fl). Hence we have 

(21) Y T ^ L 4 (0, T; VF 3/2 ' 2 (ft) 3 ). 
Using embeddings 

W 3/2,2 (Q) 3 ^ L 2 (fi) 3 

and 

^11/8,2(^)3 ^ W hW(nf L 24 (ft) 3 

and applying Theorem 13.21 we get the compact embedding 

(22) Y T L 4 (0, T; VF 11/8 ' 2 (ft) 3 ) <^> L 4 (0, T; L 24 (ft) 3 ). 

Further, raising and integrating the interpolation inequality (cf. [TJ Theorem 5.2]) 

H0(*)llw*/4,3(n)3 < c||0(t)||^t,2(n)3||0(*)llwt2(n)3 
from to T we get 

fy ll0Wllw.V4,2 (n) 3dij < cfjf ||^)||^ (n) 3||0(t)||^, 2(n) 3dt 

< c ll^ , llL 2 (0,T;IV 2 , 2 (n) 3 )ll ( ^llL~(0,T;M/i, 2 (a) 3 ) 

(23) < c\\4>\\ Yt , 
where c = c(f2). Hence 

(24) F T L 8 (0, T; lU 5 / 4 < 2 (ft) 3 ). 
Note that 

(25) W 5 /^ 2 (Q) 3 W 9 ^- 2 (^) 3 W 1 ' 34 / 11 ^) 3 . 
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Now [24] and [25] and Theorem 13.21 yield the compact embedding 

(26) Y T M-M. L 8 (0, T; T4^ 1,24 / 11 (il) 3 ). 
Finally, [52] and [55] imply the compact embedding 

(27) Y T X T . 

4. Main result 

4.1. Statement of the result. The main result of the paper is the following 

Theorem 4.1 (Main result). There exists T* 6 (0, T] cmrf i/ie uniquely determined 
function u G L 2 (0,T*; X>) n L°°(0, T*; V), w t G L 2 (0,T*; if), sucft tfta* it sate/ies 
[7Bf73l for every v G V and for almost every t G (0,T*), w/iere / G L 2 (0,T*; H) 
and Uq G P. 

4.2. Proof of the main result. 
4.2.1. Existence. 

Remark 1. Setting w = u — u$ this amounts to solving the problem with the 
homogeneous initial condition 

(28) (w t ,v) + ((u + w,v)) + b(u + w 1 u + w,v) = (f,v) 

(29) w(0) = 

for every v G V and for almost every t G (0, T), where / G L 2 (0, T; H) and Uq G V. 
Denote by B R (T) c X T the closed ball 

(30) B R (T) := {<p G X T ; \\<p\\ Xt < R}. 

For arbitrary fixed w G Xt we now consider the linear problem 

(31) (w',v) + ((w,v)) = (f,v)-((uo,v))-b(u ,uo,v)-b(u ,w,v) 

—b(w, Uq, v) — b(w, w, v) 

(32) w(0) = 

for every v G V and for almost every t G (0, T). 

Definition 4.2. Let T : Xt — > £ 2 (0, T; _ff ) be an operator such that 

(33) {F{<j)),v) = (/,«) - ((u ,v)) - b(u ,u ,v) 

-b(u , <p, v) - b(<p, uq, v) - b{4>, 4>, v) 
for every v G V and for almost every t G (0, T). 

From Theorem 13.11 we deduce that for arbitrary fixed w G Xt there exists 
w G L 2 (0,T; D) nL°°(0,T; 7), u>' G L 2 (0,T;H), w(0) = and 

(34) \\w\\ Xt < c\\^(w)\\ L 2 i0iT . H) . 
We now prove the following 

Lemma 4.3. IF is a continuous operator from Xt into L 2 (0,T; H) and for all 
R > 0, T > 0, and for all w G Br(T) we have 

(35) mw)\\ LK0 , T ., H) < C (T) + C^T^R 2 + T^R), 
where Cq(T) — > 0+ for T — > 0+ and C\ is independent of T . 
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Proof. Obviously, there exists Co(T) > such that 

(36) ||(/, •) - ((m , •)) - 6(«o,«o, Olli»(o,r ; fl) < G>CO, 

C (T) ->• 0+ for T -4- 0+. 

Using the interpolation inequality one obtains 

(37) \\b(w,u ,-)\\mo,T-M) < (j^ lho||^i,4 (fi) 3||u)||^4 (f2) 3d^ 

< HmoIIw 1 . 4 ^) 3 ||^||L 2 (0,T;L 4 (f2) 3 ) 

< T 1/4 ||w ||wi. 4 (n) 3 II^IU 4 (o,T;L 4 (n) 3 ) 

< cT^HiiollcllGllx,.. 
Similarly, we obtain the inequalities 

(38) \\b(u Q ,w,-)\\ L 2 {0:T . H) < ^ [|«o||z,oo ( n)3||t«||wi, 3( n)sd*J 

< ||«o||i«>(n)»||®||i 2 (Q,T;W rI . 2 (n) 3 ) 

< T 1 / 4 ||M ||L=(n)3||'H|L 4 (o,T;iv l . 2 (n) E! ) 

< cT^WuqWvWwWxt 

and 

(39) \\b{w,W,-)\\ L 2 {0 ^ T . H) < ^ ||*|li24 (fi) 3||S||^ 1 ,24/ll (fi) 3d^ 

< T 1/8 ||U; 1^4(0^:1,24(0)3) 11^1^8(0^.^1,24/11(0)3) 

< cTV»||S||^. 

The inequalities ESH31 yield T(w) E £ 2 (0,T; H) and the inequality [35] holds. 
Let Wi,W2 S -A't and 2; = ti^ — Si- Then 

(40) \\F(w 2 ) - H™i)\\lz(o,T;H) < ||6(*,«o, -)\W{o,t;H) 

+ \\b(u ,z,-)\\ L 2 (QT . H) + \\b(w 2 ,z,-)\\ L 2 iQT . H) + \\b(z,Wi,-)\\ L 2( 0tT . H) 

and 

(41) \\b{w 2 ,z,-)\\ L 2 iQ , T . H) < (j^ \\w 2 \\l2 Hn)3 \\z\\^t, 2i/11(Q) At\ 

< ll*2||L 4 (0,T;L 24 (O) 3 )ll^llL 4 (0,T;H' 1 . 24 / 11 (n) 3 ) 

< c||t0 2 ||x r ||2!||x T . 

Similarly 

v 1/2 

ii.T..na .A 



(42) ||6(2;, w u -)\W{o,T;H) < yj^ l|2:|lL 24 (n) 3 lkillvi/i> 24 /ii(n)3 

< c||z||x T ||fi>i||x T - 

Inequalities I4TH421 and I37H381 imply that T is a continuous operator from Xt 
into L 2 (Q,T;H). □ 
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The proof of the main result is based on the Brouwer fixed point theorem. Let 
the operator A be defined as follows. Given a function w £ Xt, consider the linear 
problem 

(43) (w',v) + ((w,v)) = (T(w),v) 

(44) u> (0) = 

for every v 6 V and for almost every t € (0, T), where T is defined by Definition 
14.21 Theorem 13.11 and Lemma 14.31 ensure that the linear problem I43H441 has a 
unique solution w € Yr- Define A : Xt — > Yt by setting A(w) = w. Clearly, the 
inequality [T7] and Lemma 14.31 imply that A is a continuous operator from Xt into 
Yt- For all w S Br(T), taking [T71 and 1331 together, we deduce 

\\A(w)\\ Xt < Ci \\A(w)\\ Yt <c 2 \\T(w)\\ l - Ho ^.,h) ^c^ + c^T^^ + T 1 / 4 ^, 

where cz(T) — > for T — > and ci,C2 and C4 do not depend on T. Hence for 
T = T*, T* > sufficiently small, and for a sufficiently large R, A maps B R (T*) 
into itself. Since A is a continuous operator from Xt into Yt and Yt ' >' > Xt, .4. 
is totally continuous operator from Xy» into Xt- , where Xt* is a reflexive Banach 
space. Therefore there exists a fixed point w e Br{T*) such that .4.(11;) = «; in 
Xt* • 

4.2.2. Uniqueness. Suppose that there are two solutions 1*1,142 S ir* of [TSTfTBI on 
(0,T*). Denote z = itx - u 2 then 

(45) (* t , v) + ((*, w)) + 6(2, w 2 , u) + 6(ui, *, «) = 
holds for all v £ V and almost every t £ (0, T) and z(0) = 0. Hence 

~ll*(*)llff+K*)llv < \b( Ul (t),z(t),z(t))\ + \b(z(t),u 2 (t),z(t))\ 

< ||«i(t)||i4(n) S ||V2(t)||i3(n)3||«(t)||i4(n)3 
+ ll*(*)lli*(n)»l|Vu2(t)|| ia( n)». 

Using the interpolation inequality 

||*(*)[U W <c||*(t)||tr /4 [[*(t)||K* n) , 

we get 

(46) + ll*(*)ll^<ci||«i(t)|U W ||*(t)||; /4 ||*(t)||^ n) 3 

Using Young's inequality we deduce 

(47) ~\\zmH+\\mfv<S\\z(t)\\v 

+ <*||z(*)||£ W (ll«i(*)lli*cn)3 + \\Mt)\\w^(nr) , 
where 6 > can be chosen arbitrarily small and therefore 

(48) ^ll*(*)lllr < 2c * \\z(t)\\ 2 H (\\ Ul (t)\\l Hn)3 + \\u 2 (t)f wl , Hn)3 ) . 
Hence, we have the differential inequality 

y'(t) < 9(t)y(t), 



NAVIER-STOKES FLOWS IN POLYHEDRAL DOMAINS 



9 



where 

y(t) = \\z(t)\\ 2 H and 6{t) = 2c, (||ui(i)||l< (n) , + ||u 2 (t)||^i. 2(n) s) £ ^((O.T)), 
from which we obtain, using the technique of Gronwall's lemma, 




and ^ 

y(t) < y(0) exp Qf 0(s)ds 

Therefore 

||*(t)|& < ll*(0)||^exp (jf 2c 5 (||«i( 5 )|| 8 L 4 (f2)3 + \\u 2 (s)\\ 4 wl , 2{n)3 ) ds 

for all t € (0,T). Now the uniqueness follows from the fact that z(0) = 0. 

The author thanks Prof. Petr Kucera for numerous suggestions that improved 
the presentation of this paper. 

References 

[1] A. Adams and J.F. Fournier. Sobolev spaces, Pure and Applied Mathematics 140, Academic 
Press, 2003. 

[2] J.-P. Aubin. Un theoreme de compacite, C.R. Acad. Sci., 256 (1963), 5042—5044. 

[3] M. Benes and P. Kucera. Non-steady Naviet — Stokes equations with homogeneous mixed 
boundary conditions and arbitrarily large initial condition, Carpathian Journal of Mathe- 
matics, 23(2007), No. 1-2, 32-40. 

[4] P. Deuring and S. Kracmar, Exterior stationary Navier-Stokes flows in 3D with non-zero ve- 
locity at infinity approximation by flows in bounded domains, Math. Nachr., 269/270(2004), 
86-115. 

[5] S. Kracmar and J. Neustupa, Global existence of weak solutions of a nonsteady variational 
inequalities of the Naviei — Stokes type with mixed boundary conditions, Proc. of the conference 
ISNA'92, August-September 1992, Part III, Publ. Centre of the Charles Univ., Prague, 156- 
157. 

[6] S. Kracmar and J. Neustupa, Modelling of flows of a viscous incompressible fluid through a 
channel by means of variational inequalities, ZAMM, 74(1994), No. 6, 637—639. 

[7] S. Kracmar and J. Neustupa, A weak solvability of a steady variational inequality of the 
Navier-Stokes type with mixed boundary conditions, Nonlinear Anal., 47(2001), No. 6, 4169- 
4180. 

[8] P. Kucera, Solution of the Stationary Navier-Stokes Equations with Mixed Boundary Con- 
ditions in a Bounded Domain, Pitman Research Notes in Mathematics Series, 379(1998), 
Longman, 127-131. 

[9] P. Kucera , A structure of the set of critical points to the Navier-Stokes equations with mixed 
boundary conditions, Pitman Research Notes in Mathematics Series, 388(1998), Longman, 
201-205. 

[10] P. Kucera, Basic properties of solution of the non-steady Navier-Stokes equations with mixed 
boundary conditions in a bounded domain, Annali dell' Universita di Ferrara, 55(2009), 289- 
308. 

[11] P. Kucera and Z. Skalak, Solutions to the Navier-Stokes Equations with Mixed Boundary 

Conditions, Acta Applicandae Mathematicae, 54(1998), No. 3, 275-288. 
[12] A. Kufner, O. John and S. Fucfk, Function Spaces, Acadcmia, 1977. 

[13] J. L. Lions, E. Magenes, Non-Homogeneous Boundary Value Problems and Applications, 
Vols. I and II., Springer- Verlag, Berlin 1972. 

[14] V.G. Maz'ya and J. Rossmann, Weighted L p estimates of solutions to boundary value prob- 
lems for second order elliptic systems in polyhedral domains, ZAMM, 83(2003), No. 7, 435- 
467. 



10 



MICHAL BENES 1 ' 2 



[15] V.G. Maz'ya and J. Rossmann, Pointwise estimates for Green's kernel of a mixed boundary 
value problem to the Stokes system in a polyhedral cone, Math. Nachr., 278(2005), No. 15, 
1766—1810. 

[16] V.G. Maz'ya and J. Rossmann, L p estimates of solutions to mixed boundary value problems 

for the Stokes system in polyhedral domains, Math. Nachr., 280(2007), No. 7, 751 — 793. 
[17] V.G. Maz'ya and J. Rossmann, Mixed boundary value problems for the stationary Navier- 

Stokes System in polyhedral domains, Arch. Rational Mech. Anal., 194(2009), No. 2, 669-712. 
[18] J. Nefias, Les methodes directes en theorie des equations elliptiques. Academia, Prague 1967. 
[19] M. Orlt and A.-M. Sandig, Regularity of viscous Navier-Stokes flows in nonsmooth domains, 

Lecture Notes in Pure and Appl. Math., 167(1993), 185-201. 
[20] H. Sohr, The Navier-Stokes Equations, An Elementary Functional Analytic Approach, 

Birkhauscr, Advanced Texts, 2001. 
[21] R. Temam, Navier-Stokes Equations, theory and numerical analysis, American Mathematical 

Society, 2001. 

1 Czech Technical University in Prague, Faculty of Civil Engineering, Department 
of Mathematics, Thakurova 7, 166 29 Prague 6, Czech Republic 

2 Centre for Integrated Design of Advanced Structures, Thakurova 7, 166 29 Prague 
6, Czech Republic 

E-mail address: benesOmat.fsv.cvut.cz 



